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Requirement for Requirement for ββstagestage EUV light source

Required specification of light source 

Parameters Data 

Timing 2005～2006 

Wavelength 13～14nm 

Output Power2%BW＠13.5nm 50～150W 

Lifetime 1year or 1.6×1011pulse 

Etendue 0.4～0.8mm2str 

Repetition Rate > 5kHz 

Repeatability of Pulse Energy < 2%  

 

EUV light source

Throughput 　　 80wafers／hour

Resist sensitivity　　　　　　5mJ/cm2

EUV efficiency

Deblis

Plasma Size

Plasma Stability
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Discharge Produced PlasmaLaser Produced Plasma

Higher risk 
( Debris, Material )

Remark

Low ?High ?Very HighRunning 
Cost

LowHighVery HighInitial 
Cost

Direct Conversion
Plasma load is High

Two steps Conversion
Laser Efficiency is Low

Very lowEfficiency

Hard DebrisDebrisCleanPoint

Plasma Electron
Black Body Emission

Plasma Electron 
Black Body Emission

Orbital Electron
Bremsstrahlung

Principle

PlasmaSOR
Used by
ASET

Risk 
( Debris, Material )

EUV Light SourceEUV Light Source
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Technical Issues of Light Source development Technical Issues of Light Source development 

Etendu, Stability, DistributionOptical

Gas curtain, FilterShield

Surface Damage 
Debris reduction 

Coating improvement

Deformation
Cooling, Structure, Material
Emission from Plasma

Corrector

High Efficiency Power Laser for LPP
YAG, CO2, Short Pulse Excimer
Pulse Power for DPP

Driver

LPP ? or DPP ?
Target Material, Arrangement

Scheme
IssueElement

Shield

Corrector

EUV Plasma

EUV Light 
Source

EUV Optical

System

Reticle

Illuminator

Projector

Shield

Corrector

EUV Plasma

EUV Light 
Source

EUV Optical

System

Reticle

Illuminator

Projector
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Energy Flow of LPP & DPPEnergy Flow of LPP & DPP

電気ｴﾈﾙｷﾞ ﾌﾟﾗｽﾞﾏ EUV光

EEUV
Ee

　 　

0．2～0．01%

全エネルギがEUVプラズマに集中

電極消耗の問題

電気ｴﾈﾙｷﾞ レーザ レーザ光 ﾌﾟﾗｽﾞﾏ

効率L　1－20％ 　

Ee EL EEUV

Ee x L  = EL　　　　　　　　　　　　　　 Ee x L x P = EEUV

EL

EUV光

光－プラズマ変換効率良好
プラズマへの負荷比較的軽い

レーザの発振効率の問題
装置の大型化

　

～1%

　Total Eff. L*P　
　　　0.2～0.01%

電気ｴﾈﾙｷﾞ ﾌﾟﾗｽﾞﾏ EUV光

EEUV
Ee

　

0．2～0．01%

全エネルギがEUVプラズマに集中

電極消耗の問題

ﾌﾟﾗｽﾞﾏ EUV

EEUV
Ee

　

0．2～0．01%

全エネルギがEUVプラズマに集中

電極消耗の問題
EUV efficiency
Hard Debris issue

電気ｴﾈﾙｷﾞ レーザ レーザ光 ﾌﾟﾗｽﾞﾏ

　

Ee EL EEUV

Ee x L  = EL　　　　　　　　　　　　　　 Ee x L x P = EEUV

EL

EUV光

光－プラズマ変換効率良好
プラズマへの負荷比較的軽い

レーザの発振効率の問題
装置の大型化

　

～1%

L*P　
　　　0.2～0.01%

Electric Laser Light ﾌﾟﾗｽﾞﾏPlasma

Efficiency P　
　

Ee EL EEUV

Ee x L  = EL　　　　　　　　　　　　　　 Ee x L x P = EEUV

LPP

EL

EUV

光－プラズマ変換効率良好
プラズマへの負荷比較的軽い
Better  EUV efficiencyレーザの発振効率の問題

装置の大型化
Laser Efficiency

Size

　

～1%

　 L*P　
　　　0.2～0.01%

DPP

PlasmaElectric
Total Eff

100W
10kW

50kW 100W
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Ions

Neutral Particle 

Emission 
(EUV+UV+Vis.+IR) 

T ρ

Plasma　Size　

Surface of Structure

Secondary Particle

IR
Vis
UV
EUV

Corrector 
MirrorDeformation by Heating

Surface Damage

Heating
Surface Damage

100W

9900W

Plasma Light SourcePlasma Light Source
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Technical Approach (1)

• LPP 
– High efficiency driver laser scheme

• Conversion efficiency
• Beam quality
• Pulse duration (ns, ps, fs)
• Wavelength (YAG, CO2, excimer)

– High efficiency EUV generation Target
• Liquid, craster jet, gas jet …etc
• Low impact to mirror and nozzle (thermal, deblis…etc)
• Target materials

– Small deblis or  deblis free plasma
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Technical Approach (2)

• DPP 
– Very high load plasma resistant stricture and materials
– Lower electrode load discharge plasma scheme

• Plasma control 
• Material & Surface

• Corrector Mirror
– Tough structure and coating for all emittion from plasma
– Tough coating for energetic particles and deblis
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EUV Research Schedule of GigaphotonEUV Research Schedule of Gigaphoton

Lithography

Mask 
Inspection

2007200620052004200320022001Application of
EUV-source

Sub project: Mask inspection
MIRAI Project (METI)

Small Power EUV source development

　Under investigation & planning
High Power EUV source development

LPP / DPP 　

　　　　　　　MS1★ 　　　　　MS２ ★ 　　MS３ 　★　　　
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Target of EUV light source developmentTarget of EUV light source development

 Mile Stone １ Mile Stone 2 Mile Stone 3 

EUV Power >10 W >50 W >100 W 

Bandwidth 2 % BW 2 % BW 2 % BW 

Etendue < 1mm2 str 0.8mm2 str 0.8mm2 str 

Energy stability ≦10 % ≦5 % ≦2 % 

Lifetime > 1×109 > 10×109 > 2×1011 

Device Scientific test Engineering 

proto-type 

Commercialize 
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SummarySummary

• Gigaphoton decided to start the EUV light source development.

• Gigaphoton will challenge both of technologies;  Laser Produced Plasma (   
LPP ) and Discharge Produced Plasma ( DPP ). 

• At first step we will start EUV light source development for mask inspection 
in MIRAI project from middle of 2001. 

• Gigaphoton is planning to challenge on high power EUV light source for 
microlithography technology based on our technologies; laser discharge 
plasma technology, material technology, pulsed power technology, vacuum 
technology, optical technolog and laser system technology. 
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